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Nonoperative versus surgical management of small
(less than 3 cm), asymptomatic popliteal artery
aneurysms
Jane E. Cross, MB, MRCS,a Robert B. Galland, MD, FRCS,a Anil Hingorani, MD,b and
Enrico Ascher, MD,b Berkshire, United Kingdom; and Brooklyn, NY
Popliteal artery aneurysms represent a common pathology that vascular surgeons are often confronted with. However,
several issues remain incompletely understood, including indications for intervention and optimal methods of treatment.
In the following article, our discussants debate the appropriate management of small popliteal artery aneurysms. Further
complicating this discussion is the unclear relationship between popliteal artery aneurysm diameter and subsequent
complications. Whereas with abdominal aortic aneurysms diameter is linked to rupture risk, it is less clear with popliteal
artery aneurysms where complications are more likely to include thrombosis, embolization, and compression whether
aneurysm diameter is accurately predictive. Perhaps other anatomic features should be included in our management
algorithms? Regardless, our debaters will try to convince us whether small popliteal artery aneurysms warrant repair or
not. (J Vasc Surg 2011;53:1145-8.)
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sPART I. ASYMPTOMATIC POPLITEAL ARTERY
ANEURYSMS (LESS THAN 3 CM) SHOULD BE
TREATED CONSERVATIVELY.
Jane E. Cross, MB, MRCS, and Robert B. Galland,
MD, FRCS, Berkshire, United Kingdom
Popliteal aneurysm (PAA) management has been con-
founded by paradox and controversy. Until the start of the
20th century the principle of management was to induce
thrombosis within the aneurysm either by compression or
ligation.1 Subsequently, the aim of treatment was to pre-
vent thrombosis from happening! This is the paradox.
Controversial aspects of their treatment include the use of
intra-arterial thrombolysis for thrombosed popliteal aneu-
rysms,2-4 which operation to carry out, what approach to
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owever, the greatest controversy is probably when to
perate on an asymptomatic popliteal aneurysm.
emographics and natural history
Popliteal aneurysms account for more than 80% of all
eripheral aneurysms, having a prevalence of approximately
% in men aged 65 to 80 years.7 They are mostly athero-
clerotic in origin: other rarer causes include infection,
rauma, familial, or those associated with Marfan’s and
ehçet’s disease. In 50% of cases they are bilateral, in 50% of
ases an abdominal aortic aneurysm is present.
Popliteal artery aneurysms (PAAs) tend to occur in
lder men who often have significant comorbidities. Hy-
ertension, ischemic heart disease, previous stroke, hyper-
holesterolemia, and diabetes are all common in this pop-
lation of patients. Life expectancy of patients with PAA is
pproximately 60% at 5 years.8 All of this should be borne
n mind when planning treatment.
The natural history is variable with up to 80% of PAAs
eing asymptomatic at the time of diagnosis.9,10 Asymp-
omatic PAAs become symptomatic at a rate of approxi-
ately 14% per year.8 Symptoms include pain or discom-
ort behind the knee, intermittent claudication from
hrombosis, repeated microemboli, or combined stenotic
rterial disease and leg swelling, with or without deep
enous thrombosis secondary to compression of the popli-
eal vein. Rupture is extremely rare. Acute limb ischemia
econdary to thrombosis is the most serious complication
ith a reported amputation rate of 14%.3
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April 20111146 Cross et alPopliteal aneurysms treated electively have superior
outcomes in terms of limb loss, graft patency, and patient
mortality than those presenting as an emergency. Follow-
ing thrombosis, after the initial high amputation rate,
5-year graft patency is 65% (range 50%-80%) and 5-year
limb salvage rate 95% (90%-97%).8 On the other hand,
5-year patency following elective repair is 80% (range 70%-
94%) and 5-year limb salvage 98.4% (95%-100%).
Protagonists of early elective repair will quote series
showing negligible morbidity and mortality with elective
repair. However, these series are not likely to be represen-
tative of most surgeons’ experience. There is risk to both
life and limb following an elective repair with a 30-day
mortality up to 1% and 30-day limb loss up to 2% having
been reported.8 It is impossible to know how many limbs
are ultimately lost when a synthetic graft occludes with
subsequent loss of runoff. Of 110,000 procedures recorded
in the Swedish Vascular Registry, there were 717 primary
operations for PAA.11 Limb loss at 1 year following repair
of 219 asymptomatic PAAs was 1.8% (four limbs). Residual
symptoms in the previously asymptomatic limb also occur
in up to 2% of cases.8 Limb swelling following repair can be
particularly troublesome.
The key question is when is the risk of morbidity and
mortality associated with surgical intervention of asymp-
tomatic PAAs less than the risk posed by surveillance alone
and the potential to develop acute limb ischemia? Size,
distortion, presence of thrombus, and state of runoff have
all been suggested as means of identifying a high risk PAA.
But what is the evidence to support these suggestions?
Identification of the high risk aneurysm
Size. Unlike abdominal aortic aneurysms, PAA diam-
eter does not seem to be an adequate predictor for devel-
opment of complications. While it is generally agreed that
operating on PAAs of 2-cm diameter confers no benefit,
controversy surrounds those in the 2 to 3 cm category.
Although size does seem to relate to symptoms, there is
little evidence to support 2 cm as the surgical cut-off point.
Most published series regarding PAA size are small; one
multicenter study12 of 200 aneurysms found that asymp-
tomatic PAAs were on average 2 cm in diameter and that
those with limb threatening ischemia were 3 cm in diame-
ter. Other series have shown that symptomatic aneurysms
are generally larger than asymptomatic; however, the find-
ing of a consistent, statistically significant difference in size
between the two groups is not well supported. In a series
from Poland, describing 86 aneurysms, there was no differ-
ence in aneurysm diameter between those with non limb-
threatening symptoms and those with limb-threatening
symptoms and diameter did not influence limb loss.13 In
our series of 116 aneurysms, a cut-off of 2 cm diameter did
not discriminate well between asymptomatic and throm-
bosed PAs. The sensitivity, specificity, positive predictive,
and negative values being 73%, 39%, 54%, and 59%, respec-
tively.10 We also found that none of 17 PAAs 2 to 3 cm in
diameter without significant distortion, thrombosed dur-
ing a median 17-month follow-up.14 (If surveillance is to be started, how often should duplex
cans be carried out? There is little information on the rates
f growth of popliteal aneurysms. We found that of 24
AAs, followed with serial duplex scans, the rate of expan-
ion increased with aneurysm size.15 On average PAA of 2
o 3 cm diameter grew at an average rate of 3 mm/year.
ypertension was associated with a more rapid growth. A
ecent study16 of 125 PAAs did not find hypertension to be
ssociated with a more rapid growth rate. PAAs in patients
ith previously treated contralateral popliteal artery ectasia
nd those with extrapopliteal aneurysms had more rapid
xpansion. On the other hand, PAAs in patients with
iabetes had a slower than average growth rate.
In our study,15 the upper 95% confidence interval for
xpansion of PAA of2 cm in diameter was 3 mm. If 2 cm
s taken as the cut-off point then PAA 17 mm can be
canned yearly rising to 6-month intervals when the PAA
eaches 17 mm. Similarly, if it is decided to operate at a
iameter of 3 cm, then yearly scans are required up to a
iameter of 2.4 cm, increasing to 6 monthly scans for the
arger PAA. However, rather than recommending surveil-
ance intervals based on diameter alone, intervals should
deally be customized to the individual patient after consid-
ration of risk factors for growth and risk factors for throm-
osis. More frequent surveillance intervals should be con-
idered for PA deemed to be at high risk.
Distortion. As the popliteal artery dilates it also
engthens. The upper and lower ends of the artery are
elatively fixed and so the artery becomes distorted. As the
istortion increases, the PAA is more likely to become
ymptomatic. We measured the most proximal angle of
istortion in the antero-posterior plane on angiograms and
ound a median distortion of 60 degrees in patients with
cutely thrombosed PAAs; that distortion was greater in
ymptomatic compared with asymptomatic PAs and with
hrombosed compared with non-thrombosed PAAs.10
here was a direct correlation between diameter and degree
f distortion. Size alone did not differentiate the two
roups. Distortion of the aneurysm appears to be a more
ensitive predictor of thrombosis than size alone.
Size and distortion. Combination of factors may be a
etter way of identifying high risk aneurysms. We found
hat the combination of size and distortion provided the
est sensitivity, specificity, and positive and negative pre-
ictive values comparing asymptomatic with thrombosed
AAs, these being 90%, 89%, 83%, and 94%, respectively.10
Presence of thrombus. In common with aneurysms
t other sites, laminated thrombus develops within PAs. It
as been postulated that thrombus is at greater risk of
isintegration and embolization compared with aneurysms
lsewhere because the popliteal artery is continually sub-
ected to flexion and extension. It is often stated that
hrombus within a PAA is an indication for elective opera-
ion. However, in the Joint Vascular Research Group
tudy12 of 200 PAAs, thrombus was present in 70% on
ltrasound scanning. This was not confirmed by the
ownsville study of 125 PAAs, where only four aneurysmsmedian diameter of 15.5 mm) had thrombus at the start of
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complications) and only five developed thrombus during
surveillance (median diameter of 25 mm).16 It is interesting
to note that only nine patients in this study reached diam-
eters of 2 cm. The Swedish study quoted earlier11 re-
ported that 96.4% of asymptomatic aneurysms smaller than
2 cm had more than 2 mm of thrombus in the wall of the
aneurysm. PAs with thrombus are generally larger than
those without. It is reasonable to assume that as the aneu-
rysm enlarges thrombus will develop. However, there is no
evidence to support the theory that presence of thrombus
indicates a high risk aneurysm.
Runoff. Large emboli usually produce an obvious
clinical picture. In many patients, microembolization of the
peripheral circulation occurs silently. Compromise of the
runoff can impact adversely on the outcome from bypass
surgery. Once embolization occurs the aneurysm cannot be
regarded as being asymptomatic and therefore surgical
repair should be considered. Poor runoff secondary to
embolization has been suggested as being an indication for
early repair. Evidence supporting this is sparse. One retro-
spective study17 demonstrated a greater risk of complica-
tions developing in those PAA associated with no distal
pulses compared with those having distal pulses.
Other factors. Statins have been shown to be associ-
ated with less likelihood of severe ischemia developing,
whereas antiplatelet medication and lipid levels were no
different in patients with or without thrombosed PAAs.13
CONCLUSION
All patients with PAAs should have “best medical treat-
ment” as recommended to anyone with cardiovascular
disease. They should be assessed for the presence of other
aneurysms. Management of asymptomatic popliteal artery
aneurysms remains controversial. It is clear that no single
criterion is sufficiently robust to identify reliably high risk
PAAs. Using a cut-off2 cm diameter alone as an indicator
for elective repair will subject an unacceptably large number
of patient to unnecessary morbidity and mortality. How-
ever, combining risk factors may be more useful. Size and
distortion appear to be a more reliable means of identifying
high risk aneurysms than size alone.
Key message: Asymptomatic popliteal aneurysms measur-
ing less than 3 cm in diameter should be treated conservati-
vely . . . . . . . . . providing that there is no significant distor-
tion of the aneurysm.
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ART II: ASYMPTOMATIC POPLITEAL ARTERY
NEURYSMS (LESS THAN 3 CM) SHOULD BE
EPAIRED.
Anil Hingorani, MD, and Enrico Ascher, MD,
rooklyn, NY
In our prior review of 34 popliteal artery aneurysms
PAAs),1 we suggested that small PAA were associated with
igher incidence of thrombosis, clinical symptoms, and
istal occlusive disease. This was based upon the liberal use
f duplex scanning to make the diagnosis.2,3 We concluded
hat small PAAs (2.0 cm) may not be as benign as
reviously suggested. Symptomatic PAAs were significantly
maller than asymptomatic aneurysms (P  .03). The ma-
ority of the small aneurysms (64%) in this series were
artially thrombosed, and this incidence was not signifi-
antly different from that of larger aneurysms (70%). Com-
lete thrombosis of the PAAs did not correlate with aneu-
ysm size. When comparing runoff scores, these smaller
ymptomatic PAAs had poorer outflow vessels. These data
uggest that size alone does not correlate with the present-
ng symptoms of PAAs. The presenting symptoms or lack
hereof did not correlate with the prevalence of diabetes,
ocation of the PAAs, or degree of superficial femoral artery
isease. Despite their small size, these aneurysms can be
ined with thrombus that can embolize to the infrapopliteal
rteries. We suggested that small popliteal aneurysms in
atients with low operative risk, acceptable runoff and
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This is especially true if duplex imaging demonstrates mural
thrombus. While admittedly there is no prospective evi-
dence that mural thrombus is an indication for repair, we
suggest that these data indicate that mural thrombus may
the main source of symptoms and limb loss. This is espe-
cially true as the morbidity and mortality of repair has
decreased with the advent of minimally invasive techniques.
In Galland and Magee’s (2005) paper,4 he stated that
his data examining 116 PAAS found that “size was not
significantly different between the two groups” (asymp-
tomatic and symptomatic). Therefore, it would be difficult
to justify the topic assigned to Dr Galland of “Asymptom-
atic popliteal artery aneurysms 3 cm should be treated
conservatively” based upon his data. However, if PAAs
were 3 cm and if distortion of the proximal artery 45
degrees was found, then a positive correlation was found
with the presenting symptoms. While we cannot compare
whether distortion was observed in our patients with PAAs
with mural wall thrombus or whether mural wall throm-
bus was noted in the patients with distortion in the series of
Dr Galland, it is possible there may be some overlap be-
tween the subsets. These data have the same limitation as
our dataset as they correlate the presenting symptoms with
the anatomy of the lower extremity arteries in a retrospec-
tive fashion. Ideally, we should obtain data that prospec-
tively help guide the management of patients with PAAs.
Interestingly, there have been no reports in the ensuing
years from other centers confirming or denying these find-
ings.
These comparisons highlight the need for modern se-
ries with longitudinal prospective data to explore issues of
natural history or PAAs. Many of the prior data weighed the
risks of open bypass compared with endovascular repair,
which in some centers has been the first line therapy.5 On
the other hand, Dr Galland’s group have suggested that
endovascular repair of PAAs is associated with a longer
procedure, higher thirty day reintervention rates and simi-
lar long-term primary patency rates.6 Five of the 37 endo-
vascular repairs in this series were performed with Wall-
grafts (Boston Scientific, Natick, Mass) that may make the
dataset somewhat outdated. This data are also in contrast to
D, P
with 34% in asymptomatic patients with intact pulses.
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aurs suggesting endovascular repair is a shorter procedure,
nd its patency rates rival that of open repair.7,8 The marked
eduction in morbidity of endovascular PAAs has assured its
lace in our armamentarium in the treatment of PAAs and
uggests that prior attempts of comparing the risks versus
enefits of open surgical repair of PAAs need to be modified
n the present modern day era.5,9
Based upon these data, we suggest the need for other
enters to examine their data, especially focusing on pro-
pective longitudinal data to help answer some of these
nresolved questions. While many questions about the
anagement of PAAs do remain, we maintain that some
atients with PAAs less that 3 cm especially with mural
hrombus should be repaired either with open or endovas-
ular methods.
EFERENCES
1. Ascher E, Markevich N, Schutzer RW, Kallakuri S, Jacob T, Hingorani
AP. Small popliteal artery aneurysms: are they clinically significant? J
Vasc Surg 2003;37:755-60.
2. Hingorani AP, Ascher E, Marks N, Puggioni A, Shiferson A, Tran V, et
al. Limitations of and lessons learned from clinical experience of 1020
duplex arteriography. Vascular 2008;16:147-53.
3. Kallakuri S, Ascher E, Hingorani A, Marks N, Shiferson A, Tran V, et al.
Effect of duplex arteriography in the management of acute limb-
threatening ischemia from thrombosed popliteal aneurysms. Angiology
2008 April 29; [Epublication ahead of print].
4. Galland RB, Magee TR. Popliteal aneurysms: distortion and size related
to symptoms. Eur J Vasc Endovasc Surg 2005;30:534-8.
5. Idelchik GM, Dougherty KG, Hernandez E, Mortazavi A, Strickman
NE, Krajcer Z. Endovascular exclusion of popliteal artery aneurysms
with stent-grafts: a prospective single-center experience. J Endovasc
Ther 2009;16:215-23.
6. Lovegrove RE, Javid M, Magee TR, Galland RB. Endovascular and
open approaches to non-thrombosed popliteal aneurysm repair: a meta-
analysis. Eur J Vasc Endovasc Surg 2008;36:96-100.
7. Ascher E, Gopal K, Marks N, Boniscavage P, Shiferson A, Hingorani A.
Duplex-Guided Endovascular Repair of popliteal Artery Aneurysms
(PAAs): a New approach to Avert the Use of Contrast material and
Radiation Exposure. Eur J Vasc Endovasc Surg 2010;39:769-73.
8. Hingorani AP, Ascher E, Marks N, Shiferson A, Puggioni A, Tran V, et
al. Hybrid approach for treatment of behind the knee popliteal artery
aneurysms. Vascular 2009;17:290-2.
9. Antonello M, Frigatti P, Battocchio P, Lepidi S, Dall’Antonia A, Deriu
GP, et al. Endovascular treatment of asymptomatic popliteal aneurysms:
8-year concurrent comparison with open repair. J Cardiovasc Surg
(Torino) 2007;48:267-74.EDITORS’ COMMENTARYThomas L. Forbes, MD, and Jean-Baptiste Ricco, M
The decision to treat a popliteal aneurysm requires weighing
the risks and results of treatment against the risks of continued
follow-up. Like aortic aneurysms, popliteal aneurysms may cause
no symptoms for an extended period, but, unlike their aortic
counterparts, they are more likely to present with an ischemic
complication rather than rupture. Dawson et al1 have underscored
the danger of critical limb ischemia and limb loss in untreated
popliteal artery aneurysms. Interestingly, this article reported that
40% of asymptomatic patients with popliteal aneurysms will have
absent pedal pulses, which adversely affect the natural history with
a likelihood of symptoms developing of 86% at 3 years comparedhD, London, Ontario, Canada; and Poitiers, France
Both of our debaters agree that it is problematic to base treat-
ent decisions on diameter alone, as opposed to the situation with
bdominal aneurysms where there exists a tighter linkage between
neurysm complications and diameter. In this debate, Dr Hingorani
evelops these arguments for early intervention on small asymptom-
tic popliteal aneurysms based on long-term graft patency and limb
alvage rates that are usually95% when using a saphenous vein and
low perioperative mortality rate of around 1% to 2%.
In opposition, Professor Galland suggests that many asymp-
omatic aneurysms of 3 cm in diameter can be safely observed. The
rguments for this approach are based on the observation that
symptomatic aneurysms without intramural thrombus or distor-
